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ABSTRACT 


Observations showing that thymus-derived lymphocytes (T cells) 
can suppress the induction of various cell-mediated immune responses 
have been reported only recently. T suppressor cells can suppress in 
an antigen-specific (50-52) or nonspecific (53-57) fashion the in vitro 
generation of cytotoxic T lymphocytes (CTL). Most of the experimental 
protocols employed in these studies utilize the mixed lymphocyte cul- 
ture (MLC) technique for the generation and detection of suppressor 
cells. The MLC reaction, however, also leads to the induction of a 
high level of CTL. This observation has led to the suggestion that 
suppressor T cells are cytotoxic cells and that they may inhibit the 
induction of CTL by etn the stimulatory cells (52). On the 
other hand, other investigators (50, 51, 54) have suggested that some 
models of suppression of CTL induction cannot be adequately explained 
as due to elimination of stimulator cells. 

The present studies were undertaken to investigate the nature and 
mechanism of action of suppressor T cells, obtained from primary three- 
day MLC (first step culture), on the induction of CTL in a secondary 
MLC (second step culture). The results show that suppressor T cells 


and cytotoxic T cells are different cells. 
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Chapter I. Introduction 


A. The immune system 


The immune system is a complex, integrated, and delicately balanced 
multicellular system whose activation is determined by a variety of 
cellular interactions and sophisticated regulatory mechanisms. These 
mechanisms form the basis of a remarkably versatile adaptive process 
which constitutes the principal means of defense of the individual 
against an immense variety of organic molecules, viruses, and patho- 
genic microorganisms. 

Adaptive immunological responses are only encountered in vertebrates. 
Lower forms of life do not possess such a sophisticated system of defense. 
Nevertheless, 'non-specific'' immune mechanisms of recognition and phago- 
cytosis exist in such species. It is possible, however, that the immune 
response evolved under selective pressures which could have operated to a 
considerable extent to increase the efficiency of the non-specific immune 
System. One way in which the immune response becomes efficient is to in- 
crease its library of recognition units. Before this could happen, however, 
the immune system must acquire the ability to discriminate between 
foreign "nonself" and "self" antigens. The induction of self-reactive 
lymphocytes could lead to the etrcien of autoimmunity which is destruc- 
tive to the individual's own components. In principle, this could prove 
to be highly embarrassing Therefore, a mechanism by which the expression 
of autoimmunity is prevented must exist. One theory suggests that the 
individual does not have the genetic capacity to synthesize recognition 
molecules able to bind self-antigens. Another type of theory suegeate 
that the individual has such a capacity but that differentiation of pre- 


cursor cells which bear anti-self recognition units is prevented. This 
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implies a mechanism in which self-nonself discrimination is learned. 
Burnet (1) postulated that those circulating body pee which were 
able to reach the developing lymphoid system in the perinatal period 
could in some way be learned as self and these cells bearing receptors 
for self antigens could then be eliminated. An immunological unrespon- 
siveness, "self polerenceian would then be established so that when 
immunological maturity was reached there would be an inability to respond 
to self components. 

The theory that self tolerance is learned, not inherited, is widely 
accepted and its predictions have been amply verified by both experi- 
mental evidence and theoretical considerations. Experimental studies 
(2) have demonstrated that, under certain circumstances, autoantibodies 
can be induced which are able to bind to and damage self components. 

On purely theoretical grounds, there are two arguments for having a 
learning mechanism of self-nonself discrimination in the immune system. 
Firstly, consider the homozygous individuals AA and BB. These individuals 
have the ability to recognize and respond to each other's antigens. The 
fact that the Fl hybrid animal AB exists in spite of the presence of 

genes that allow A to recognize B and B to recognize A suggests that the 
mechanism for maintaining the integrity of the Fl hybrids is a learned 
mechanism. Secondly, a genetically determined self-nonself discrimina- 


tion mechanism would interfere with the evolution of many self components. 


In this thesis, use of the word tolerance will be restricted to mean the 
natural process by which an animal tolerates or fails to react to its 
own genetically proper substance. For those experiments carried out in 
adult animals in which, by certain manipulations, the animals fail to 
respond to some standard antigenic stimulus, the word "unresponsiveness" 
will be used. It is a matter of convenience and importance to consider 
the two conditions of natural tolerance and experimentally produced un- 


responsiveness separately (1). 
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For example, newly arising advantageous mutants of body components would 
be recognized as foreign and consequently would be eliminated. Such a 
system would be ve dangerous to the survival of the species and in 
evolutionary terms, this type of mechanism could not be allowed to 
happen. Therefore, a learned mechanism for self-nonself discrimination 
is favored over a genetic one because it does not interfere with the de- 
velopment and generation of diversity of various body components which 
is beneficial for the survival of the species. 

The ability to respond predominantly eae foreign as opposed to 
self antigens forms the basis of the specificity of the immune system. 

To be effective the specificity of recognition should go even further. 
The immune system must also recognize different forms of foreign antigens 
and respond against each one independently. For example, the response 
against one organism should not interfere with the response against 
another unrelated organism. In fact, the immune system can specifically 
and effectively discriminate between the two organisms. 

Another way in which the immune system became more efficient as a 
means of defense was to develop a mechanism by which the body is 
effectively prepared to repel strongly any repeated cnysaion by the same 
kind of foreign antigen. This mechanism is manifested in the development 
of "memory" cells. The first contact with an antigen clearly imprints 
some information, memory, so that a second contact with the same antigen 
results in the generation of a brisk and strong immunological response. 
The first response elicited by an antigen is called the primary response 
and the second response elicited by the same antigen is called the 
secondary or "anamnestic" response. In the secondary response, the anti- 


body level rises faster and higher (tenfold or more), and after reaching 
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its peak, Fe declines much more slowly than the primary response. 

The generation of memory cells is a remarkable feature of the immune 
response. On theoretical grounds it is a necessary correlate of increased 
specificity. As the library of recognition units of the primitive system 
is greatly expanded, such that it is more similar to that of the immune 
system, the frequency of recognition units specific for a certain type 
of antigen decreases. This in turn allows for a reduction in the effi- 
ciency of the immune system. In order to avoid such a dangerous pitfall, 
upon stimulation with antigen, a specific recognition unit must divide 
and expand into a clone of progeny cells representing the "memory" of the 
occurrence. This increases the frequency of cells able to respond to 
common pathogens. These progeny cells revert to a resting state and are 


committed to respond strongly if the same antigen should reappear. 
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B. The immune response 


Recognition of an antigen by an immunocompetent lymphocyte is the 
first step in an immune response. Following this step, a variety of 
cellular interactions determine whether these cells will be induced or 
paralysed. Paralysis may involve either specific death and clonal de- 
letion of antigen reactive cells or any other unknown mechanism. The 
mechanism of clonal deletion was postulated by Burnet (1) as a working 
hypothesis for the maintenance of self-tolerance. He suggested that 
newly differentiated immunocompetent cells were destroyed or rendered 
incapable of multiplication when they recognized and reacted with anti- 
genic determinants of self components. This theory has recently become 
a subject of debates and various criticisms by many immunologists who 
favor a mechanism whereby specific immune cells exist whose sole function 
is to maintain the unresponsive state against self components. Further 
discussion of this subject is beyond the scope of this thesis and there- 
fore will not be pressed here. 

Induction, on the other hand, leads to proliferation and differentiation 
of antigen reactive cells to immune effector Funcetone: There are two 
types of immune responses: humoral and ees Humoral immunity 
is effective against bacterial infections and viral infections whereas 
cell-mediated immunity is most effective in attacks against viral and 
bacterial infected cells and becomes a problem in its efficiency of 
attack against foreign tissues, such as transplanted organs. 

The division of labor in the immune system occurs through the dif- 
ferentiation of two populations of cells native to lymphoid tissues but 
also found in other parts of the body, particularly in the blood. These 
two types of lymphoid cells are morphologically similar and both derive 


from the same primitive precursors, the hemopoietic stem cells. Stem 
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cells that develop under the influence of Bursa of Fabricius in birds 
or the bursa equivalent in mammals (e.g. bone marrow) are called B 
lymphocytes. These are the cells that give rise to the antibody secre- 
. ting cells that effect humoral immunity. Cells that develop under the 
influence of the thymus are called T lymphocytes. This is a large and 
heterogeneous population of lymphocytes. Some T cells are the effectors 
of cell-mediated immunity. If these cells are confronted with an antigen 
they differentiate into immunologically active cells capable of specific 
eitisy activity or release of lymphokines that participate in the elim- 
ination of the foreign material. The evidence to date suggests that T 
cells also play a crucial regulatory role in the induction of both humoral 
and cell-mediated immune responses. This regulatory activity could be 
viewed in algebraic terms as being either positive or negative. Positive 
regulation leads to induction and negative regulation results in un- 
responsiveness "“immunosuppression." 

The cooperative activity (positive regulation) of T cells involved 
in the development of antibody and cell-mediated immune responses was 
the first regulatory function attributed to T cells (3). T cells that 
function in this manner came to be known as "helper'’ T cells. The 
importance of helper T cell activity in the production of antibody re- 
sponses was best dramatized in the hapten-carrier cell transfer studies 
of Mitchison (4-6). He demonstrated that the interaction of T cells 
with antigenic determinants on the carrier molecule led to the produc- 
tion of anti-hapten antibodies by B cells. This observation has been 
confirmed and extended by Paul (7) and Katz and Benacerraf (8). 
Similarly, helper activity is ee required for the generation of cell- 


mediated immunity (77). 
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Negative regulatory mechanisms or immunosuppression, on the other 
hand, are part of a homeostatic and Beeson (Cori need mnie system; 
that is, recognition of antigen not only stimulates the prolifer- 
ation and differentiation of responder precursor cells but also stimulates 
the generation of specific immunosuppressive effects which appear to 
inhibit the induction of immune responses or to modify an ongoing response. 
These immunosuppressive effects could be mediated by antibodies, anti- 
body-antigen complexes, or suppressor cells. The concept of antibody and 
antibody-antigen complexes having inhibitory effects has been extensively 
reviewed by Uhr and Mdller (9), Playfair (10), and Diener (11) and it 
will not be discussed here. Evidence which suggests that immunosuppres- 
sive effects could be attributed to suppressor T cells has accumulated 
only recently. The nature, characteristics, and mechanism of action of 


suppressor T cells are the subject of the review which follows. 
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Chapter II. Review of the Literature 


The concept of suppressor cell activity in immune responses was 
introduced and vigorously championed by Gershon and Kondo (12, 13). 
They observed that the unresponsiveness of B cells in thymectomized 
lethally irradiated and bone marrow reconstituted adult CBA mice was 
dependent on the presence of T cells. The pretreatment of bone marrow 
reconstituted mice with SRBC in the absence of T cells had no significant 
effect on the ability of thymocytes to reconstitute the anti-SRBC anti- 
body response. On the other hand, mice which had been reconstituted with 
a small pen of thymocytes at the time of bone marrow reconstitution 
(prior to the antigen injections) were markedly impaired in their 
ability to make anti-SRBC antibodies. Following these studies, a number 
of suppressor cell phenomena were described. In each case, a common 
property of suppressor cells is that one cell population will inhibit 
the response or function of a second cell population in a cell transfer 
or in vitro experiment. The majority of the inhibitory cell populations 
observed are anti-6 serum sensitive, confirming the T cell dependence 
of suppressor activity. Furthermore, depending on the mode of action, 
the suppressive effect can be either antigen specific or nonspecific. 

I will now turn to discuss various categories of suppressor T cells 
in both humoral and cell-mediated immune responses. The evidence 
on suppression of antibody responses has been extensively reviewed by 
Katz and Benacerraf (8), Droege (14), and Gershon (15) and therefore 
only well characterized systems will be discussed here. This review 
will concentrate on the discussion of available evidence on suppressor 


T cells in cell-mediated immune responses and the discussion of a unifying 
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concept with regard to the nature and mechanism of negative regulatory 


effects referred to "suppression." 


A. Suppressor cells in humoral immunity 
1) Low zone paralysis 


Evidence has been accumulating which indicates that certain patterns 
of B cell unresponsiveness to a specific antigen do not fit into Burnet's 
suggested model of deletion of antigen-specific reactive cells. This 
followed from the observation that T cells obtained from animals made 
unresponsive against one antigen can, upon transfer to normal syngeneic 
animals, specifically suppress the antibody response of the host to 
the same antigen (12, 13, 16) The existence of such a suppressive 
mechanism, its stability and infectious character on adoptive transfer 
(17), and the evidence of its potential reversibility (18) suggest that 
some forms of B cell paralysis can be mediated and maintained by sup- 
pressor T cells. 

Among the various experimental models of in vivo unresponsiveness 
which have been studied in the past few years, the induced immuno- 
logical unresponsiveness obtained in mice to the antigen human gamma 
globulin (HGG) has been the best characterized (19). There are diffi- 
culties, however, which overshadow the interpretation and the conflicting 
nature of experiments which had attempted to demonstrate active sup- 
pressive capacity of lymphoid cells obtained from HGG nonresponsive 
animals. Nevertheless, the critical question appears to be not whether 
suppression provides mechanistically the only means by which specific 
unresponsiveness is induced and maintained, but whether suppression 


exists as a supplementary parameter of the state of unresponsiveness. 
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Evidence showing that suppressive activity exists in the HGG unresponsive 
system has been extremely convincing. Basten et al. (1974) demonstrated 
that spleen eis from HGG unresponsive mice abrogated the adoptive 
secondary response to DNP+HGG of heavily irradiated syngeneic recipients 
reconstituted with equal numbers of DNP-primed and HGG-primed spleen 
cells. The suppressive effect was demonstrated to be T cell-dependent 
and the state of nonresponsiveness could be transferred to normal 
Syngeneic animals. This is consistent with the observation that non- 
responsiveness to "T Poh dependens4 antigens ms be "infectious" 

(13, 20). The relationship between the induction of the nonresponsive 
state and suppression was further investigated in three different ways: 
HGG was deaggregated by (a) ultracentrifugation on an angle-head rotor; 
(b) ultracentrifugation in a swing-out rotor; and (c) biological filtra- 
tion (2.5 mg HGG was injected intraperitoneally into normal mice and 
serum collected from them 24 hours later). In the standard adoptive 
system, significant suppression was obtained with cells from animals 
pretreated with HGG deaggregated in the angle-head rotor or biological 
filtration. In contrast, cells from mice given HGG deaggregated in the 
swing-out buckets, although were unresponsive on facies exhibited 
much less effective suppression. The reason for this discrepancy be- 
tween preparations has not been resolved. Nevertheless, these results 
confirm the existence of suppressor cells in the HGG induced state of 


nonresponsiveness. 


5% "T cell-dependent" or "T-dependent" antigens refer to antigens which, 


under standard conditions, require the helper function of T cells to 
produce a normal IgG antibody response to that antigen (19). 
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Similar results were obtained by Kolch and Weber (21). They observed 
that pretreatment of adult CBA mice with low doses of phage fd led to a 
specific suppression of the anti-phage fd IgG antibody response. The 
IgM antibody response was not affected. Injection of normal spleen 
cells did not restore the immune reactivity of the unresponsive mice. 
Further analysis of the cellular basis of this unresponsiveness involved 
experiments in which thymus cells were educated with antigen (phage fd) 
in thymectomized, lethally irradiated mice reconstituted with fetal 
liver and normal syngeneic thymus cells. They found that educated 
thymocytes, upon transfer into normal syngeneic mice, inhibited the 
ability of these mice to respond to immunogenic doses of antigen. The 
inhibition was antigen specific and dependent on the presence of viable 
suppressor T cells, since treatment with anti-§ serum and complement 
abolished transferrable suppressive activity. 

2) Suppressor T cells in genetic nonresponder mice 

Early studies (22) demonstrated that the antibody response by in- 
bred strains of mice to the random terpolymer of L-glutamic acid-L- 
alanine-L-tyrosine (GAT) was controlled by an Ir gene which maps in 
the I region of the H-2 complex. Some strains behave as responder 
mice, synthesizing specific anti-GAT antibodies and others behave as 
non-responder mice synthesizing no detectable antibodies after injection 
of GAT (23). Both responder and non-responder mice, however, produced 
GAT-specific antibodies when immunized with GAT complexed to the immuno- 
genic carrier methylated bovine serum albumin (GAT-MBSA). This indicates 
that non-responder mice, like responder mice, could synthesize GAT- 
specific antibodies if the appropriate T cell helper function is pro- 


vided. Gershon et al. (24) were the first to show that non-responder 
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mice were not completely deficient of T cells specific for GAT on the 
grounds that GAT stimulated the incorporation of thymidine by non- 
responder epieea scale They further suggested that genetic non- 
responders unable to form detectable immune responses to GAT might 
nevertheless be able to generate suppressor T cells upon immunization 
with such an antigen. Strikingly enough, Kapp et al. (25, 26) showed 
that the presence of spleen cells from non-responder mice that have 
been previously immunized with GAT, inhibited the antibody response of 
normal non-responder spleen cells to the GAT conjugate (GAT-MBSA). 

They further demonstrated that this inhibition was due to the presence 
of GAT-specific suppressor T cells. Extracts prepared from spleen cells 
and thymocytes of GAT-primed mice were also suppressive. The suppression 
was antigen specific in that spleen cells from GAT-primed animals did 
not inhibit the anti-SRBC PFC response by normal non-responder spleen 
cells even when incubated with SRBC plus GAT-MBSA. 

The inability to develop immune response to an antigen, however, 
cannot in all cases be attributed to the generation of suppressor cells 
as originally suggested by Gershon et al. (24). Debré et al. (27) 
demonstrated that the co-polymer of L-glutamic acid and L-tyrosine (GT) 
did not stimulate the production of.suppressor T cells in all the non- 
responder strains tested. A/J (H=2-) mice were not suppressed by the 
injection with GT, whereas SJL (H=2>) mice were suppressed by the same 
immunization. The coisogenic strain A.SW which bears the same H-2 
haplotype of SJL on the A/J background was suppressed by GT immunization. 
This observation is in accord with the hypothesis that the control of 
the generation of suppressor cells is linked to the H-2 complex in a 


manner analogous to the control of immune responses by H-linked Ir 
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genes (28, 29). This view is greatly strengthened by the striking simi- 
larity between the antigen specific suppressor factor extracted from 
suppressor T cells by Tada et al. (30) and the antigen specific inhibi- 
tory T cell factor recently described by Benacerraf (29). Both factors 
have specificity and affinity for antigen and contain gene products 
coded for in the I region of the H-2 complex where Ir gene functions 
has been mapped. 

S) Suppression of immune responses to T cell-independent antigen 

In the examples so far, the activities suppressed were B cell 
responses to T cell-dependent antigens. Suppressor T cell activity for 
a T cell-independent antibody response against Type III pneumococcal 
polysaccharide (SSS-III) has been reported by Baker et al. (31, 32). 
Although helper T cells are thought to be not required for a normal 
antibody response to SSS-III, the response is greatly influenced by 
the activities of other types of T cells. These cells were given the 
term amplifier T cells since their role appears to be to regulate, 
rather than to initiate, antibody formation (33). The response to SSS-III 
is predominantly IgM antibodies and treatment with anti-lymphocyte (ALS) 
or anti-thymocyte (ATS) serum at the time of immunization resulted in a 
significant increase in the magnitude of the antibody response. Further 
analysis on the effect of treatment with various amounts of ALS on the 
magnitude of the IgM response to SSS-III was assessed in both athymic 
nude and thymus-bearing littermate control mice. After treatment, 
thymus-bearing mice showed a significant enhancement in the magnitude of 
IgM plaque-forming cell to SSS-III. In contrast, no enhancement was 
demonstrable in athymic nude mice given the same test doses of ALS. 


The authors concluded (a) that ALS-induced enhancement is dependent on 
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the presence of T cells and (b) that enhancement is not the result of a 
stimulatory effect of ALS upon B cells. 

The foregoing observation is especially important from the viewpoint 
that low zone paralysis to SSS-III is mediated by activated suppressor T 
cells which may have developed as a natural consequence of immunization. 
This possibility was greatly strengthened by the recent findings (33, 
34) that treatment with a marginally immunogenic dose of SSS-III specific- 
ally reduced the capacity of mice to respond to subsequent immunization 
with an optimally immunogenic dose of this antigen. Moreover, treatment 
with either ALS or lactic dehydrogenase virus (LDV) enhanced the response 
to SSS-III antigen. (Infection with LDV has been reported to result in 
the cytotoxic degeneration of lymphocytes in the thymus-dependent area 
in the lymph node and spleen (35). In addition, the ability of ALS or 
ATS to enhance the antibody response to SSS-III can be removed by ab- 
sorption with mouse thymocytes but not with nonlymphoid cells. 

4) Chronic allotype suppression 

Allotype suppression is defined as a phenomenon in which exposure 
of the fetus or the neonate to antibody against its own immunoglobulins 
mipntesees production of those immunoglobulins (36). Originally, this 
phenomenon was described in the rabbit (37). A few years later the 
Herzenbergs reported that allotype suppression could be demonstrated in 
the mouse. The strains usually used in their studies were Balb/c as 
maternal or anti-allotype donor which carries Ig-la and Ig-4a allotypes 
and C57B1/10 and SJL/J as paternal strains which carry Ig-lb and Ig-4b 
allotypes. The corresponding notations for the gene clusters are Ig* 
and eo respectively. seesheod and Herzenberg (38) showed that progeny 


produced by mating SJL/J (1g") males to Balb/c (Ig*) females which had 
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been immunized by Ig-lb allotypes exhibited chronic long-term suppression 
in which more than one-half of the progeny at six nomena of age had no 
detectable Ig-lb in circulation. A key experiment proving that chronic- 
ally suppressed mice contain an active suppressor cell utilized the 
mixture-transfer assay. In this experiment, 10’ spleen cells from 
suppressed Fl hybrids were mixed in vitro with 10/ spleen cells from 
syngeneic normal Fl hybrids and then miles ee into irradiated Balb/c 
hosts. Levels of Ig-lb in recipients of cell mixtures were indisting- 
uishable from recipients of 107 suppressed cells alone, and significantly 
below the levels seen in recipients of ee normal Fl hybrid cells. 
Cells from thymus and lymph nodes were as suppressive as spleen cells 
whereas bone marrow cells were roughly two-fold better in suppressive 
activity. Suppression was shown to be due to a thymus-derived cell by 
various criteria: (1) neonatal thymectomy prevents development of chronic 
suppression, (2) suppressor cells are killed by treatment with anti-thy-l 
and complement, and (3) suppressor cells are not retained on nylon wool 
columns which retain B-cells but allow T-cells to pass (39). Furthermore, 
the suppression is specific for Ig-lb production in an Taare: hetero- 
Carre These observations strongly support the existence of a regulatory 
suppressor T cell function as a mechanism for chronic allotype suppression. 
The mechanism of suppressor cells in chronic allotype suppression is 
not yet established. One approach to this issue, however, is to focus on 
the inherent regulatory role of T cells in the differentiation of B cells. 
Suppressed mice have been shown to have normal levels of Ig-1lb memory cells 
indicating that these mice have reasonably mature precursors of Ig-lb- 
producing cells (40, 41). The locus of the suppressor cell attack, 


therefore, is narrowed to the latter part of the B cell differentiation 
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pathway at a stage very close to the point where cooperator cells inter- 
act to facilitate memory cell differentiation. Under normal conditions, 
cooperators and suppressors exist in a state of a finely tuned balance. 
The presence of anti-allotype serum in the young animals, however, could 
shift this balance in favor of overregulation of Ig-lb synthesis. This 
early shift could result in the establishment of an overdeveloped popu- 
lation of regulator (suppressors) T cells which specifically suppress 
Ig-lb precursors from differentiating to producers. In fact, the Herzen- 
berg experiments show a stochiometric relationship between helper T cells 
and suppressor T cells suggesting that suppressors act by antagonizing 


helper T cells thereby preventing B cell interaction. 
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B. Suppressor cells in cell-mediated immunity 


Observations showing that T cells can suppress the induction of 
various cell-mediated immune responses have been reported only recently. 
Suppressor T cells have been shown to suppress such responses as the 
induction of delayed-type hypersensitivity (42-46), T cell proliferation 
(15, 47-49), and the development of cytotoxic T lymphocytes (50-54). 
Con A-induced suppressive activity has been also reported (55-57). 
Furthermore, suppressor T cells have been implicated in prolongation 
of allografts in mice (58-60) and in chickens (61). However, the sup- 
pressor activities in most of these systems are not sufficiently 
characterized and, therefore, for the purposes of this thesis, I shall 
concentrate on a review of suppressor T cells in the regulation of the 
development of delayed-type hypersensitivity (DTH) and the generation 
of cytotoxic T lymphocytes (CTL). 

1) Suppression of DTH responses 

Suppressor T cells ieee been shown to specifically inhibit the 
development of DTH responses to such antigens as picryl chloride (43) 
and dinitroflorobenzene (44,62). Asherson et al. (42) showed that 
suppression of contact sensitivity can be specifically induced by in- | 
jection of picrylsolfonic acid prior to painting the ear with a dilute 
solution of the contactant picryl chloride. Claman et al., using 
dinitroflorbenzene (DNFB) as a sensitizer, reproduced and extended the 
work of Asherson and his colleagues. Mice, sensitized by two paintings 
with 0.5% DNFB on the abdomen, were challenged after 5 days by painting 
the ears with 0.5% DNFB. 24 hours later ear swelling was measured with 
a micrometer. Mice previously treated with DNBSO.Na failed to show ear 


swelling as compared to non-treated mice. Unresponsiveness induced by 
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this method was shown to be specific and can be transferred, using un- 
responsive spleen or lymph node cells, to normal mice. Serum from 
suppressed sraaseeyish to induce unresponsiveness upon transfer to 
normal mice. Depletion of B cells by passing over an anti-lg column 
did not abrogate the ability of cells from unresponsive mice to inhibit 
the induction of DTH in normal mice. Cells treated with anti-6§ serum 
and complement failed to transfer suppression of DTH to normal mice 
which indicates that the inhibition of contact sensitivity is mediated 
by suppressor T cells. 

In a different system, similar results were obtained by Ramshaw 
et al. (46). They observed that the transfer of spleen cells or Ig 
negative (Ig ) spleen cells from mice immunized to produce a humoral 
response completely suppressed the development of DTH in mice which 
had been treated with cyclophosphamide prior to cell transfer. (Mice 
treated with cyclophosphamide, before an optimum sensitizing dose of 
antigen, exhibit an enhanced DTH reaction.) DTH was measured as footpad 
swelling. After two days of treatment with cyclophosphamide, mice in- 
jected intravenously with HRBC produced a strong DTH reaction to HRBC 
injected into the footpad. The development of DTH in aren mice 
was suppressed by adoptively transferring Ig negative spleen cells from 
normal mice which had been injected intravenously with 10° HRBC; admin- 
istration of such a dose of antigen produced high levels of humoral 
immunity but no detectable DTH. Immune serum, hyperimmune serum or 
serum from mice whose DTH was suppressed by the transfer of immune 
spleen cells had no effect on the induction of DTH. This indicates that 
antibodies do not play any significant role in the suppression of DTH. 


Furthermore, the suppression was shown to be antigen specific and dependent 
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on the presence of T cells. 

The observation that the establishment of one type of immunity 
actively suppresses the development of other forms of immunity bears 
a great deal of significance with regard to the nature and mechanism 
of suppressor cells. Bretscher (63) has predicted that the inverse 
relationship between humoral and cell-mediated immunity forms the basis 
of regulation of the immune response. This model will be expanded upon 
in the discussion of a unifying concept of the nature and mechanism of 
regulatory activity, 

2) Suppression of cytotoxic T lymphocytes responses by suppressor 
T cells 

A number of workers have shown that suppressor T cells can suppress 
in an antigen specific (51, 52) or nonspecific (53, 54) fashion both 
in vitro (49, 51-54) and in vivo (50) generation of cytotoxic T lympho- 
cytes (CTL). These studies have been concerned with (1) the method of 
sensitization most apt to stimulate suppressor T cells and their distri- 
bution in lymphoid tissues; (2) the specificity of suppressor cells; 
(3) the target of suppressor activity; (4) the mechanism of action of 
suppressor cells. Most experimental systems utilized the mixed lympho- 
cyte culture reaction (MLC) for the generation and detection of 
suppressor cells. The one way MLC reaction employed for the generation 
of suppressor cells, usually referred to as primary MLC, consists of 
two allogeneic cell populations: responders and stimulators. The 
stimulator cells are inactivated by treatment with either mitomycin 
C or x-irradiation. At the end of a given period of incubation, the 
cells are harvested, washed, ipeeaieeed and added to a fresh one way 


MLC which is referred to as secondary MLC. The time of incubation and 
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the dose of irradiation depend on the investigator. The secondary MLC 
is employed for the detection of inhibitory activity that may have been 
generated in the primary MLC on the development of CTL. The secondary 
culture, therefore, consists of three cell populations: responder, 
stimulator, and regulator (cells from primary MLC). Usually, the 
regulatory cells are syngeneic to the responder cells and the stimulator 
cells bear the same H-2 haplotype in both primary and secondary cultures. 
The fact that the MLC reaction is utilized to generate high levels 
of CTL has led to contradictory interpretations of the nature and 
mechanism of the regulatory cells induced in the primary MLC. A cell- 
mediated cytotoxic interaction between suppressor cells and stimulator 
cells has been postulated as the underlying mechanism for the suppression 
of both proliferative (48) and cytotoxic responses in MLC (52). On the 
other hand, several investigators have suggested that some models of 
suppression of CTL induction (51, 54, 64) and proliferation in MLC (49) 
cannot be adequately explained as due to elimination of stimulator cells. 
Investigators ascribing suppressor activity to cytotoxic mechanisms 
employed experimental conditions under which high cytotoxic activities 
are generated. For example, Fitch et al. (52) observed that cells 
obtained from five-day primary MLC, the optimum time for generating peak 
CTL, completely inhibited the generation of CTL in vitro. The inhibitory 
activity was antigen specific and was directed toward the alloantigen 
against which the cells from primary MLC were cytotoxic. They showed 
that the presence of primary MLC cells having cytotoxic activity toward 
one alloantigen abolished the response to another non-cross-reacting 
alloantigen only when both antigens were present on the same Fl hybrid 


stimulating cells. Only the response to the sensitizing alloantigen was 
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inhibited in cultures where a mixture of the two non-cross-reacting 
alloantigens were used as stimulator cells. In view of these observa- 
tions, the authors concluded that the suppression of generation of CTL 
by irradiated cells from primary MLC involves Dneeiarion of the allo- 
antigen-bearing stimulating cells as a result of residual cytotoxic 
activity of the primary MLC cells. 

The foregoing hypothesis has much to recommend it in that it assigns 
a role to suppressor cells consistent with a known T cell function, 
cytotoxicity. If suppressor cells were cytotoxic cells and therefore 
suppression of generation of CTL were due to elimination of stimulator 
cells, then one would predict that: (1) pre-incubation of stimulators 
and suppressors prior to initiation of secondary cultures should increase 
the degree of suppression; (2) increasing the numbers of stimulator 
cells at initiation of secondary cultures should competitively reduce 
suppressor cells activity. The data, however, does not support these 
predictions. Sinclair et al. (65) have shown that pre-incubation of 
cells from five-day primary MLC cultures with stimulator cells prior to 
the addition of responder cells gave less suppression of the generation 
of CTL in the secondary MLC than pre-incubation of primary MLC cells with 
responder cells. In fact, the latter gave the most profound suppression. 
Furthermore, altering the number of stimulator cells in the secondary 
culture did not influence the degree of suppression (51), whereas 
varying the concentration of responder cells had the greatest effect 
on the degree of suppression: strong suppression at low numbers of 
responders and weak suppression at high numbers of responder cells. 

Similar results were reported by Truitt et al. (64). In these 


studies, in vivo stimulated spleen cells were used as the source of 
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regulatory population. Balb/c mice were immunized with C57B1/6 spleen 
cells via footpad injection. Irradiated spleen cells, obtained from 
these mice four days after immunization, suppressed the generation of 
CTL by MLC prepared with Balb/c responder cells and C57B1/6 stimulator 
(irradiated) cells. The results from further experiments indicated 

that increasing stimulator cell concentration in MLC did not compet- 
itively diminish the suppressor activity; rather, the magnitude of 
suppression increased as the stimulator cell concentration was increased. 

Further evidence showing that suppressor cells are separable from 
cytotoxic cells comes from studies in vivo. Cells from allosensitized 
mice exhibited weak cytotoxic activity when tested immediately after 
removal from the animal (50). Yet, after a short (48-72 h) period of 
incubation in vitro, they generated strong cytotoxic activity. Treat- 
ment of these cells with mitomycin C blocked their ability to develop 
into cytotoxic cells. In view of these findings, an attempt was made 
to separate the cells responsible for the suppressive effect from those 
having the Bee ie towdifferentiatesinyyi tro tinto CIL.1-Regulatory 
cell populations from alloimmunized mice were subjected to velocity 
sedimentation at lxg. The individual fractions were then tested for 
prekiller activity and for suppressor activity. The results indicated 
that, on the basis of cell size, suppressor cell precursors were clearly 
separable from cytotoxic precursor cells (50). 

Another approach to the problem of dissociating suppressor activity 
from cytotoxic activity was investigated by Hirano and Nordin (54)% 
Their system is slightly different from the others insofar that un- 
irradiated cells from two-day MLC were used as source of suppressor cells. 


They found that cells from two-day primary MLC prepared with responder 


q ; wae, ai 


ankges $120Ro age pai ae. SA % yastandttin om 
+ Ay as am ¢ 


‘Gnet: bectat 8c ited reals Nate err, tS as 


3— peste e-se et pregie . ih esate sos 
svgtives se safely bee) aided Fiauihe mitaeee ee - 


eee ring mgd ghia han bales %e7 Na A 

th. ae a ig? 

he wt. ‘ | g, or 48 a re te Aig - ps a o 
“Ben Soe ies en). 7s ee 3728 Fasee saoledet 


Cs. 
. Ts 24 : ~~ i-¢4 ite igen ited oo i or oe TLE | “a s¢ 


5 cldew50) otal el pea epee ieee spmigton 
Lary ¢ Raat 


; pa 49. ew hI GR certs on pant salen: fie 


) —e as = OS 


pth = AS aP ape anciby 4 aes 15 EBS 0B span 


bohian | (¥ res stEwd a. 97H ny cad 


4 splty aha Jom Vas ayilinass vale > 
* Gent? ands arg s-4 + ena: Sia | 


ranntegen ifr iiodcs a . | | = make et 
Vebietiion of WAM OLNhe gee, aus pabilaecst ai iso snom, Mae 
i: - fobs. 4.8: sa © tse dl) isueebial wi? gel vienna 
eres plow eft aes sind 61 a@alg “ib (fee arrest: 
itenbs Va) x= we , <a ct, ey ee 7 
i? ae oe Ab obvi : " ia | mils sLanveayin 
| it 


ViGorS trae - oS ORES Th ae ety alte Pee sna) ne 


. e i 
@ ‘3 SA 7 na mi 2 was 
aes aibaey ba MN +) Gye? @59 » C15yb558 Wescttre cet - ed 
a ais sas 2 ISIS 40; bOPD shad tiiy ! Btls a5 eee Shelf ;.. 
: ' : qe 
oe = _ agaist is S93 £6 Sim habe JA yb? = ‘el bac ee ‘el-s7uk | eR 
=_ iad = ‘eo 


ps ian site ie Syncs’ liven mcigt vee beth, qetht fe. 
; 2, aoe 2 ; 


23 


cells from normal mice can develop a high level of cytotoxicity and can 
nonspecifically suppress the generation of CTL in secondary MLC. In 
contrast, cells from two-day primary MLC prepared with responder cells 
from cortisone-treated animals can develop a high level of cytotoxicity 
but failed to suppress the generation of CTL in secondary MLC. Although 
these results are not conclusive, they are suggestive of the possibility 
that suppressor cells (cortisone sensitive) are different from cytotoxic 
cells (cortisone resistant). 

The interpretation that the observed suppression is a result of 
cytotoxic interaction between stimulators and suppressors does not 
account for all the experimental results previously described. A more 
likely interpretation of data showing altered responses induced by a 
regulator cell population is to consider the possible interactions of 
all three cell populations in vitro: responders, stimulators, and 
suppressors. The suppressor cells may either interact with stimulator 
cells, with responder Ash precursors, or with both simultaneously. 

This interaction could be a direct cell to cell interaction or it 

could be mediated either by a factor elaborated by the suppressor or 
other cells activated by the suppressor. A noncytotoxic, H-2 restricted 
interaction between suppressor and responder cells mediated by soluble 
factor which suppresses proliferation in MLC has been described (49). 
Results from the experiments described above also reflected on inter- 
action between the alloantigen-activated suppressor cells and syngeneic 
responder cells. This suggests that the observed suppression of the 
generation of CTL in secondary cultures could be due to a regulatory 
interaction different from cytotoxicity. This view is strongly favored 


by the evidence presented in this thesis. 
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C. A unifying concept of the mechanism and nature of suppressor cell 
activity 


There is not much data at present as to what exactly happens at the 
level of the cellular mechanisms involved in immunosuppression. However, 
a symposium on suppressor cells in immunity held in London, Ontario, 
took on the task of bringing together some useful tools by which sup- 
pressor cells and their targets could be defined. One of these tools 
was presented by Cantor et al. (66) who showed that peripheral Enya 
cells can be divided into three subclasses: y=), Ly-2,3', and 
Tyee While sige ay and Tyoosot cells are resistant to the short- 
term effects of adult thymectomy, ye ae are sensitive to these 
effects. This suggests that lyst 2eo develop earlier in ontogeny than 
Tyo and Lye2 oe, Furthermore, the authors demonstrated that depletion 
of lige cells abolished the subsequent helper activity to SRBC in 
adoptive syngeneic irradiated hosts. On the other hand, depletion of 
Ly-2,3° abolished the generation of cytotoxic lymphocytes both in vivo, 
in irradiated Fl hosts, and in vitro(in 5 days MLC). This suggests that 
the Ly-1,2,3 antigens could serve to distinguish different T cell func- 
tions. Based on these results, the authors raised the following question: 
Is suppressor cell activity confined to a differentiated subline of T- 
petits: distinct from or the same as other subclasses of T-cell? 
Separation and characterization of this subclass of cells and its 
products rout then permit definitive studies of the cellular mechanisms 
underlying T-cell suppression. With respect to the Ly markers, evidence 
to date suggests that there are two types of suppressor T cells. The 
suppressor T cells of cell-mediated immunity (DTH) are yea and Ly-2_ 
(46), whereas the suppressor cells of humoral immunity are Ly-1 and 


Ly-2" (72). This observation would be best explained within the concept 
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of the immune class regulation theory (63). This theory is based on 
the self-nonself discrimination theory which has been discussed else- 
where (67, 68). Briefly, une theory states that different classes of 
precursor cells require different levels of helper cells to be induced. 
Precursor cells for CMi require low levels of helper activity and pre- 
cursor cells for humoral immunity require higher levels of helper 
activity. The theory also states that high levels of helper activity 
suppress the induction of CMI. The amount of helper activity induced 

’ 


is dependent on the concentration and the antigenicity or "foreignness' 


of the antigen. This relationship is expressed in Figure 1. The 


IMMUNITY 


LEVEL OF T CELL HELPER EFFECTORS 
Q 
Ke 
KH 
go 


LOW MEDIUM HICH 
DOSES DOSES DOSES 
ANTIGEN CONCENTRATION 
Figure 1. The relationship between the generation of helper activity 
and the antigen concentration. Reproduced from the original figure by 


permission from Dr. P. Bretscher (63). 
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precursors for helper T cell effectors are induced at all but most 
extreme values of antigen. Low and high Leo sieba Canoe OE antigen 
result in the generation of low helper activity and therefore only 

CMI is induced. As the antigen concentration increases (i.e. at a 
medium dose of antigen), maximum helper activity is generated and 
humoral immunity is induced whereas CMI is suppressed. Similarly, an 
antigen with few foreign sites induces low levels of helper activity 
.and only generates CMI while an antigen with many foreign sites induces 
high levels of helper activity which results in the induction of humoral 
immunity and suppression of CMI. Since a shift to a high level of 
helper activity, sufficient to induce a humoral response, can suppress 
the induction of CMI, and since a physiologically effective immune 
response must have the potential to maintain stable CMI, a regulatory 
mechanism must be expressed to inhibit the induction of helper activity. 
According to the theory, this mechanism could be mediated by a cell- 


' or an antigen specific molecule co- 


mediated effector "antibody,' 
ordinately expressed with CMI which acts on the helper cell precursors. 
This inhibition is referred to as repression and is maintained as long 
as a cell-mediated immune response is required. The concept that too 
ech help can suppress the induction of CMI predicts that cells from 
animals which exhibit an ongoing humoral response should suppress the 
induction of CMI to the same antigen in a normal syngeneic animal. This 
prediction has been verified by Ramshaw et al. (46) who demonstrated 
that HRBC-specific T cells from mice expressing humoral immunity were 
able to suppress the induction of HRBC-specific DTH. Suppressor cells 
in this system were shown to be yee cells (69). Since helper T cells 


are also iyo the mechanism of this suppressive activity has been 
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postulated to be due to the presence of high levels of specific helper 
T cells. 

The regulatory mechanisms proposed by this theory are more attractive 
in the sense that it can account for the mechanism of inhibition of an 
antibody response in some systems. Thus the discrepancy in the results 
between preparations of human gamma globulin (HGG) deaggregated in a 
swing-out head centrifuge and HGG deaggregated in an angle-head rotor 
could be explained as follows. Deaggregated HGG (dHGG) in a swing-out 
bucket results in paralysis only (19). Mixing studies have shown that 
dHGG-treated mice have a deficiency of both B cells and precursors of 
helper cell effectors specific for HGG (70). The unresponsive state of 
these mice could be due to clonal deletion of precursors for all classes 
of immunity and is analogous, according to the theory, to the normal 
state of the immune system to self components (63). On the other hand, 
mice treated with dHGG prepared in an angle-head rotor results in "re- 
pression" (19). The angle-head preparations could be slightly immuno- 
genic and therefore capable of inducing CMI which results in the re- 
pression of the antibody response to dHGG. Early studies demonstrated 
that the unresponsiveness in such mice is similar to that of "low zone 
eee aiystent Another example of "low zone paralysis" is the unresponsive- 
ness to phage fd antigens (21). In most of these systems, the inhibitory 
cells are theta-bearing cells. According to the theory, this inhibitory 
effect could be due to the development of CMI and the theory predicts 
that such mice should have CMI to the antigen. 

Similar conclusions can be drawn for the nonresponsiveness to GAT 
(26). Non-responder mice, primed with GAT, should exhibit cell-mediated 
immunity to GAT. Consequently, the induction of cell-mediated immunity 


will tend to repress the induction of any helper T cell precursors specific 
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for GAT or any epitope on or linked to GAT (63). Thus, in the presence 
of GAT-primed non-responder cells (repressors), the GAT-carrier conjugate 
is less able to induce specific helper T cell effectors and hence the 
presence of these cells inhibits the humoral response. 

The above discussion of immunoregulation as proposed by Bretscher's 
concept of immune class regulation is summarized in Table I. Repres- 
sors are generated concomitantly with the induction of CMI, carry the 
Ly 2 marker, and can inhibit the development of humoral immunity by 
acting on the precursors of helper T cell effectors. Suppressors are 
induced with the humoral response, carry the Ly 1 marker, and inhibit 


the development of CMI by acting on the CMI precursors. 


Table I. Inhibitory cells as described by Bretscher. 


Class of Induced 
Type of immunity concomitantly Predicted 
inhibitor Ly marker inhibited with mode of action 
Repressors Ly at humoral CMI inhibits generation 
of help 
Suppressors Ly ae CMI humoral inhibits induction 


of CMI precursors 


Another approach to the search for the mechanism of immunoregulation 
is to define the target of the inhibitory activity. As postulated above, 
helper T cell precursors are good candidates as targets for repressors 
and precursors of CMI are good candidates as targets for suppressors. 
Evidence suggesting that inhibitory T cells can inhibit the generation 
of helper T cell activity has been reported by Hamaoka et al. (78). 
Further evidence indicates that the suppressor activity, which inhibits 
the induction of CTL, is baeeeeea against the responder cell population 


(51). This, of course, could be the precursors for helper cell activity 
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or the precursors for the generation of CTL. Whichever might be the case, 
this indicates that T-T cell inhibitory interactions are quite possible. 

Evidence for a T-B cell suppressor interaction which involved the 
suppressor cell acting directly on the B cell arose from the observation 
that suppressor cells can inhibit the response to thymus—independent 
antigens (33). This argument, of course, is difficult to circumvent 
because a thymus-independent antigen may be one in which only B cells 
are required or one in which a very small number of T cells are also 
required. Direct evidence in support of T-B cell inhibitory interaction 
comes from the work of Basten et al. (19) who showed that the site of 
suppression in the inhibition of the anti-DNP-HGG response is the hapten- 
sensitive precursor cell (B cells). These findings, however, do not 
indicate that the suppressor T cells are acting on the B cells alone. 
The possibility of the involvement of macrophages in this inhibitory 
interaction cannot be ruled out. 

Macrophages are also good candidates as targets for the inhibitory 
activity. Macrophages are known to be involved in almost every sort of 
immunological response. The possibility that negative regulatory 
effects may involve direct or indirect macrophage-T or macrophage-B 
cell interactions was verified by several investigators. Pierce eGbsal, 
(73) demonstrated that a ConA-stimulated inhibitory activity appeared 
to act on the splenic macrophages. Another evidence in favor of this 
comes from the work of Asherson and Zembala (79) and Basten et al. 

(19) on the cells mediating the suppressor effect which demonstrated a 


requirement for adherent cells, probably macrophages. In this case, a 
macrophage could play either one of two roles. Firstly, a macrophage 


may receive an inhibitory signal and itself becomes inactivated. This 
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suggests that the macrophages are the final targets for the inhibitory 
activity and a loss in their function leads to a loss of the immune 
response. Secondly, a macrophage may act as a mediator for the sup- 
pressive activity and deliver the inhibitory signal to other responding 
parties, i.e. T cell precursors or B cell precursors. On an experimental 
basis, it is very difficult to distinguish which of these possibilities 
is taking place. Nevertheless, the concept that the actual mechanism 

of the regulatory events which take place in the immune response could 
involve the macrophages is an important one and demands further veri- 


fication. 
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Chapter III. The Nature and Characteristics of an Antigen-specific 


Suppression of the Induction of Cytotoxic Response 


A. Materials 

1) Animals 

Male and female adults of the inbred strains Balb/c G29). 
C3H:+ SwSn Geo). CBA/CaJ (H-2*) mice (8 to 12 weeks old) were obtained 
from the breeding colony at the University of Alberta. (Balb/c x 
C3H-SwSn)Fl hybrids were bred from Balb/c females and C3H-SwSn males. 

2) Cell lines 

P815 mastocytoma (Hes: derived from DBA/2) and E14 leukemia (H-2?; 
derived from C57B1/6) were maintained in in vitro culture conditions. 
P815 cells were grown in H-16 (Dulbecco's modified) and EL4 cells were 
grown in F-15 medium (Eagles' Minimal Essential Medium). 

3) Tien culture medium 

Eagles' Minimal Essential (F-15), Delbecco's Modified (H-16) and 
Leibovitz Media were obtained in powder form from Grand Island Biological 
Company (Gibco). All cultures were grown in F-15 supplemented with 102 
F.C.S. (Gibco) and 50 pugm/ml Gentamycin, Microbiological Associates. F-15 
contained a final concentration of 107M mercaptoethanol, 20 ug/ml of 
penicillin streptomycin, Gibco and 0.8 mM/ml of L. Glutamine, Gibco. 

4) Tissue culture vessels 

Marbrook polyacrylamide tissue culture vessels (rafts) were prepared 
according to the method described by Marbrook and Haskill (74) and Pilarski 
and Borshevsky (77). The bottom half of the inner chamber of the raft is 
subdivided into 36 individual vaboEcon wells and holds a total volume of 


one ml. This allows for a continuous flow of the supernate medium for all 
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36 wells in a raft. After they are prepared, the rafts were washed with 
four overnight changes of saline, autoclaved and then stored at 4°C. The 
rafts were equilibrated with two overnight changes of medium two days 
before their use in culture. These rafts float in a 15 x 60 mm petri 


dish containing four mls of medium and FCS. 
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B. Methods 

1)a The: in Witt generation and assay of suppressor cells 

Suppressor cells were generated in a mixed lymphocyte culture in 
which eB sbO” responder cells and BeSx10" irradiated stimulator cells 
were co-cultured in Marbrook acrylamide rafts (Figure 2). Three days 
yee ene cells from these first step cultures were washed, irradiated, 
and divided into two parts: one part was assayed for cytotoxic activity 
and the second was added to a fresh MLC, referred to as the second step 
culture, to determine its suppressive activity. Second step cultures 
were prepared either in acrylamide rafts or v-bottom microtiter plates 
(96 wells). alee CBA lymph node responder cells were mixed with 
16x00 irradiated stimulator cells per raft. One-tenth.of these cell 
preparations, unless otherwise specified, were added per well to the 
microtiter plate. After five days in culture at 37°C and in 10% co, 


air atmosphere, cytotoxicity was assayed according to the method de- 


scribed below. 


I. GENERATION OF SUPPRESSOR CELLS CBA/BALB/C (irrad. ) 
(FIRST STEP CULTURES) if 3 DAYS 
WASH 


IRRADIATE (1000-1500 R) 


II. DETECTION OF SUPPRESSOR CELLS 
(SECOND STEP CULTURE) 


ASSAY FOR CYTOTOXOCITY 


CYTOTOXIC 
RESPONSE 


(A) CBA/BALB/C (irrad.) (+) PAS y () 
(B) CBA/BALB/C (irrad.) os (4) 


Figure 2. This diagram represents the experimental protocol for the 


generation and detection of suppressor cells.’ 


a tae A are, Tas a 
ai, aden At wens ; — 


ie ome gutslana9 nas pre abaye- 


fe aeng & ean Phe ‘aoepap ag 

4 a aia" s° eet'ss 400% vetet prt ae a big 
=e Tee iio one oth aie vedio 9 hcl ong 
= Tang bar- 2 dese? w wd in ace 

Sow | Winget vitanign av imadja gun ead: siiebbianes 
riit-v $o..asten atheey wads PT sable 


Liwph tute) be weet A @hregeet oitea Pegg? 4ae 
ce | = 

gente ty. FieBiead fran wae eb iee ried Verne® ts 
ay ‘ m ebie Vin arr 9 2) — ee oan 
o~ 


~ 


rt dine Be Meda gt eeu hi 4 etig id ae 
1194 «89 69 Sabbgeys UsPaneas tm ore, svancigoimeans 
* a) “wale: = 


ads 


| merry "AMER Ke =. ) iin al tp 
: . , eae abe ; 


¢ (Ant 

aun 1 eee a / 
4 bOt Tea) Seas | ) Gy 
r r wt) 3 on 7 

i = 
z ; i" r 7 eo oa 
~ jp 60 0 SERIES 48 werent a 

Se Le ee agile) Ore a, 


ng hs i | i La iS a 
6 
(reer. oe 
a lorie ; 


- 7 -_ he yv a : , A of 
ij ‘ ' . ; x : seas 
‘ , ae = eee ee: daa F f a 
a . ae is 4 heszi rae ee: CA) ; Yi : 


7) oe y { we eae ee | Mind he is) ie 


; ; - ie _ 7 : . . : : ; ; 
: + le z (Sosy Coa: 7 a ieee hi Gs sez ould. @8Fe 5% paogce’ 2); a’ 


34 


2) Cytotoxicity assay 

The microtiter plates were assayed as follows: the medium in each 
well was removed and the cells were resuspended in 0.1 ml of fresh cul- 
ture medium. To each well, 0.1 ml of eae ianetien P815 (10°/m1) target 
cells were added. In the rafts the cells were harvested by resuspending 
each of the 36 pellets/raft into and pipetting the cell suspension into 
a centrifuge tube. Cells were then washed once and resuspended in one 
ml of fresh medium and FCS. Several dilutions of those cells were 
always assayed and all assays were set up in triplicate at each dilution. 
Each assay consisted of 0.1 ml containing 107 ot ee tapeliad target cells 
and 0.1 ml of cells from each dilution of cultured lymphocytes per well 
in v-bottom microtiter trays. 

In order to determine the total releasable ce Oud mis of%,.0..05% 
Triton-x-100 detergent was added to 0.1 ml (10° cells) oT ere labetved 
targets. Spontaneous lysis was determined by incubating 0.1 ml of targets 
with 0.1 ml of medium. These were done in six replicate cultures. Trays 
for all assays were incubated at 37° in 10% cO,-air mixture for 4-6 hours. 
The top 0.1 ml of supernatant from each well was collected in a glass tube 


and counted in a gamma counter. Per cent specific lysis was calculated 


as follows: 


sample cpm-spontaneous cpm 
x 100 


EAU LSE EN SN ESS detergent lysis cpm 


3) Treatment with hydrocortisone 


Hydrocortisone in acetate suspension (Cortone, Merck Sharp and 
Dohme), at a dose of 5 mg per animal, was injected subcutaneously. 
Three days after a single injection of cortisone, the animals were 


killed and their spleen cells were used in first step culture. 


a 7 - 1 : a7 ane - 
— 4 \ = ml i” 


thse at) Client ahs, arg tél te ipteve vii a 
oe ee ee stlattises — she 
‘tae we Gl BLEW, Bs adeasner eb, ite 4! boon ahi 
ee ee ee ees pores ker) 
et a Speneei Fao R Ih tai RO coat ag i 

ca \hyiieee- o@78 aoa many eg 
| cal). dregahn Cel: leateale 8 


er 
4 


SEU... 971 


v 
huis » 28 ah Tetes aay Gee eee Gines ~i4u sk 
=i e - 
‘ 7 [a Sn’, _ » A 7 
2iage 24¢2e) bb! S4aleos = COE goede iF be fo betehactle’, 


piyipr= hawiies ty eetinige dneg, woth aibea 0 dl! 

adans setrannaie fethg: 
aA int beri 10° ~ mains (6pas ‘deal ustesesah ees " 
) Sie é. mae ‘Shy ly iw $i eae 7 “diggsnaah 4 
tai te Se Fy) ene ipeee Anica aa Rieeh mumabeneN. 


A 
’ Seki ee oe: Liges we eal tee “aa aia Stata A tr 


* 
¥ 


ve 


-evaeel 44) 15) ses OMe hy Whi hi a ives oon jamin dia, a at, 
1 a ry 


tating bs 0-7 2e5 Say Gib’ oyaa me. 1th tg? 7 equere 1% ta t,o a eo. 


4a BS A Thai 1?) ee 29h 1 Af abe “—. ‘eh two th | 


{ } 4 rl teen Cot ee” 
re. > 
Sh 9 aa capes Bh > allines aah yumm ® ee 


sae henge ite uppeicert oc ae 
So ONE are! oto’ xsbapemee VieToxs at spacey ¥ 
e 
: et, 7 
° 


sf Sears ities we. Du eau \ ceeds ad 78 sf © Vs. denis 4 «kan bi 
rh a 


ata saat so i GEE tee! ae, se teen bef Aidt ry tetle eves nant 


it 0 vas 
’ at 9 db ys @pat "ai bias apt Wile» veeiye G2fah> fe tafiig ' ae 


35 


4) Preparation of anti-theta serum and killing of theta-bearing cells 


AKR anti-CBA theta serum was prepared by the method of I. Ramshaw 
(personal communication). AKR mice (2-3 months old) were injected intra- 
venously with 20x10° CBA thymocytes per animal. The thymocytes were 
obtained from 5-week-old CBA/CaJ mice. A week later, animals were bled 
and the serum was collected, filtered and stored in one ml aliquots at 
-70°C. The serum was tested at final dilutions of 1/3, 1/6, and 1/8. 

The treatment involves incubating cells at Dae per ml with the anti-0 
serum for 30 minutes in a 37° water bath. Then rabbit complement pre- 
absorbed with mouse tissues was added to a final dilution of 1/15 and 
the mixture was incubated at 37°C for 45 min. This procedure yielded 
efficient killing of T cells and no effects on antibody-forming cells or 
B cells (Pilarski, unpublished). At a final dilution of 1/8 the killing 
was 83.8% of lymph node T cells, 52.6% of splenic T cells, and 100% of 


thymus cells. 
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C. Results 


1) The effect of irradiated cells from first step cultures on the 
generation of CTL 


Cells from MLC prepared with Bie normal CBA lymph node cells and 
16x10° irradiated Balb/c spleen cells showed optimum levels of CTL 
specific for Balb/c (H-2%) antigens after five days in culture. This 
response could be inhibited by the addition of 10° irradiated cells 
from first step cultures of normal CBA lymph node or spleen cells 
activated against Balb/c antigens. The suppressive effect of first 
step cultures on the development of CTL is antigen specific, as shown 
in Figure 3. Irradiated cells from CBA anti-Balb/c first step cultures 
completely inhibited the cytotoxic response to Balb/c antigens whereas 
the response to C3H:SwSn (H-2°) antigens was not affected. Lower num- 
bers of irradiated cells (10°) from first step cultures reproducibly 
enhanced the cytotoxic response to both H-24 and H-2> antigens. This 
enhancement is likely to be due to cross=reactive activity at the helper 
cell level, which has been previously observed in this laboratory 
(Baum and Pilarski, unpublished data). Further evidence for the speci- 


ficity of the inhibitory activity of first step cells will be described 


below. 


2) The effect of suppressor cells on the kinetics of the cytotoxic 
response to Balb/c alloantigens 


It was possible that irradiated cells from first step cultures may 
have changed the time required for the generation of optimum level of 
cytotoxicity in the second culture. Since low numbers of irradiated 


cells from first step cultures enhanced the cytotoxic response (Figure 
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3), it could be argued that suppression of the cytotoxic response at 
day five of culture was actually due to a shift in time course with 
peak SS occurring at an earlier time. We therefore examined 
the kinetics of the development of CTL in the presence of suppressor 
cells. Irradiated CBA anti-Balb/c first step cells were added to a 
second MLC and after a given period of incubation (1,2,3,4,5,7 days) 
the cultures were assayed for the presence of cytotoxic activity. Figure 
4 shows that the peak of the cytotoxic response occurred at day five 
and that the addition of 10° irradiated cells from first step cultures 
completely suppressed the response at all times tested. This indicates 
that the suppression we observe is not due to a shift in the kinetics 


of the cytotoxic response. 


‘ b 
Anti-Balb/c Cytotoxic Anti- C3H:SwSn (H-2>) 
Response Cytotoxic Response 
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FRACTION OF THE CULTURE ASSAYED 


Figure 3. Generation of antigen-specific suppressor cells. After three 


days in culture, CBA (H-2*) anti-Balb/c first step cells were irradiated 


; 5 
and added, as indicated, to second step culture prepared with 5xl0° CBA 
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38 
Figure 3 cont'd. 


LN responder cells and 16x10" irradiated Balb/c Ga) spleen stimulator 
cells or 16x10° irradiated C3H*SwSn (H-2°) spleen stimulator cells. 
After five days in culture, the cytotoxic response was assayed on the 
corresponding P eratabetied target cell: Auta (eo) response was 
assayed on P815 targets, spontaneous release = 829 t 116 cpm, detergent 
release = 8253 t 478 cpm; and Baten? a) response was assayed on E14 
targets, spontaneous release = 1547 + 95 cpm, detergent release = 12269 
t 639 cpm. @—@ No first step cells added; O—O 10° first step 
cells added; DOO 10° first step cells added. 
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Picare 4. The effect of suppressor cells on the kinetics of the cyto- 
toxic response. Second step cultures were incubated with ( C=) ror 
without (O—O ) irradiated CBA anti-Balb/c suppressor cells. After 
the indicated period of incubation, the cultures were assayed for the 
presence of cytotoxic activity. Second step cultures were prepared in 
microtiter trays where Bear CBA responder cells, 210° irradiated 
Balb/c stimulator, and 10) first step cells were added per well. The 
results are expressed as the mean cpm + standard deviation of six repli- 


cate cultures. 
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3) Suppressor cells are T cells 


CBA anti-Balb/c cells, harvested on day 3 from a first step culture, 
were treated with either anti-6 serum and complement or NMS and comple- 
ment. The cells were washed, resuspended in culture medium and added 
to a second MLC prepared with CBA lymph node cells and Balb/c irradiated 
spleen cells. The suppressive effect of the cells from first step 
cultures is abolished by treatment with anti-@ serum and complement, 
as shown in Table II. In contrast, untreated and NMS-treated first 
step cells significantly suppress the generation of CTL. 

4) Absence of an allogeneic barrier to suppressive activity 

Further studies demonstrated that the suppressor activity is not 
allogeneically restricted. The results in Table III show that cpa (H-2*) 
anti-Balb/c first step cells suppressed the anti-Balb/c cytotoxic re- 
sponse of allogeneic C3H-SwSn (H-2°) lymph node responder cells as 
effectively as they suppressed the response of syngeneic CBA responder 
cells to Balb/c alloantigens. This indicates that the suppressive 
activity of first step cultures does not require H-2 compatibility be- 
tween responder cells and suppressor cells. 

5) Kinetics of development of suppressor cells 

During in vitro generation, CTL reach a peak level after five days 
of culture (Figure 5). In view of this, it is possible that the sup- 
pressive effect of irradiated cells from 3-day first step cultures could 
be due to the appearance of cytotoxic cells in these cultures. An experi- 
ment was designed to determine whether suppressor T cells and cytotoxic 
T cells are always generated under the same conditions. First step cul- 
tures were set up on POE ene days and the cells from these cult 


were then washed, irradiated and tested in two ways: (a) to assay for 
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Table II. Anti-6@ treatment of cells from first step culture 


Cytotoxic response 


Experiment 1 Experiment 2 
Irradiated Culture dilutions 
first step culture 1/10 1/30 1/60 
1 = 4260 + 143 2545. Ak 2006 + 9.4. 7203 + 389 
(33.4)5 Gig) (9.4) (64.8) 
2. untreated 1250 2.9 Pete 52 N.D. 2262 + 588 
Gl (1.0) (42-1) 
3. anti-O-treated 3409 + 174 2033 + 60 1545 + 89 E32 393 
(24.4) (9.7) C556) (67.4) 
4, NMS-treated e332 eet oes 2 2295 + 1.8 1058 + 63 2598 + 220 
(2d) (1.8) (0) (15-72) 
5. untreated© 1117 + 34 Tl6gee 19 alfa hy) 1300 + 425 
(1, 9) (1. 0) (0.6) (i. 0) 


CBA anti-Balb/c first step cells were treated with either anti-0 serum and 
complement or NMS and complement and the equivalent to 10° feaee or eels ea 
untreated cells were added to second step cultures. In Experiment 1, second 
step cultures were prepared in acrylamide rafts in triplicates. In Experiment 
2, second step cultures were prepared with axi0r CBA lymph node cells and 
Texte irradiated Balb/c spleen cells in microtiter trays. Cell recovery 
was 6x10° cells/ml untreated, Eh aot. cells/ml NMS treated, Weseioe cells/ml 
anti-@ treated. | 


@ mean cpm t+ $.D. of six replicate cultures 


% specific lysis 
spontaneous release: 1124 t 140 cpm 


detergent release: 9876 t 845 cpm 


no responder cells added, irradiated first step cells were cultured with 


irradiated Balb/c stimulator cells only 
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suppressor activity by adding to a second step MLC and (b) to assay for 
direct cytotoxicity. Figure 5a indicates that effective suppression de- 
velops at day meee and persists through days four and five. A high level 
of cytotoxic activity was also detected as early as day three (Figure 5b). 
These observations were consistent with the interpretation that suppressor 
cells are cytotoxic cells. We decided to test this hypothesis further by 
examining whether or not suppressor activity could be dissociated from 


cytotoxic activity by other methods. 
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Figure 5. Relationship between time of culture incubation and the de- 
velopment of suppressor cells. First step cultures were prepared with 
3x10° CBA lymph node cells and meal” irradiated Balb/c spleen cells. 
After a given period of incubation, the cells were irradiated and divided 
into two parts: one part was assayed for suppressor activity, Figure 5a, 
and the second was assayed immediately for cytotoxicity, Figure 5b: 

O pren @, 2-day first step culture; &—A 3-day first step culture; 

O—) 4-day first step culture; (}—1) 5-day first step culture. 
spontaneous release = 710 + 54 cpm, detergent release = 8305 t 523 cpm. 


(a) % suppression is calculated as: 


100 = % specific lysis of experimental grou 


% specific lysis of positive control = (65.4 $ 2.5%) 
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6) The effect of in vivo treatment with hydrocortisone on the sub- 
sequent in vitro generation of suppressor cells and cytotoxic cells 


First step cultures were prepared with spleen cells from cortisone- 
treated and normal CBA mice. After three days, the cells were harvested, 
washed, irradiated and divided into two parts. One part was added to a 
second MLC to assay suppressor activity and the second was tested for the 
presence of CTL. Figure 6(a) shows the cytotoxic activity of cells from 
three-day first step cultures set up with either normal or cortisone- 
treated responder cells. In general, cultured normal spleen cells had 
8-10 times more cytotoxicity than did cultured cortisone-treated spleen 
cells. The suppressive effect of these two cell populations was measured 
and the results are shown in Figure 6(b). Irradiated first step cells, in 
the numbers indicated, derived from cultures of normal spleen cells were 
able to completely abrogate the response in the second step cultures. In 
contrast, the first step cells derived from cultures of cortisone-treated 
spleen were unable to suppress the response at any cell number tested (1-20 
x10" per culture). It is reasonable to compare for suppressive activity of 
those cell numbers from the two kinds of first step cultures that have 
comparable levels of cytotoxicity. For example, Eee from cultures 
of cortisone-treated mice and neal cells from cultures of normal spleen 
each exhibited 32-35% cytotoxicity and yet had very different effects on 
the generation of CTL in the second MLC. Whereas eae first step cells 
of normal mice completely suppressed the cytotoxic response, 110° cells 
from cultures of cortisone-treated spleen slightly enhanced the response. 
This observation suggests that suppression is not due to the cytotoxic 


activity of the cells from first step cultures. 
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(a)_FIRST STEP CULTURE (b) SECOND STEP CULTURE 


PERCENT SPECIFIC LYSIS OF P815 TARGET CELLS 


0.6 12 2.550 10 20 


ee | 
%0 0 10 
VIABLE CELLS IO°PER ASSAY FRACTION OF A CULTURE ASSAYED 


Figure 6. Effect of cortisone treatment on the generation of suppressor 
cells. First step cultures were prepared with CBA responder spleen cells 
from cortisone-treated mice (three days after treatment with cortisone) 
and irradiated Balb/c stimulator spleen cells. Similarly, first step 
cultures were prepared with CBA responder spleen cells from normal mice 
bade DEE Balb/c spleen cells. After three days in culture, cells 
were irradiated and divided into two parts: one part was assayed for 
cytotoxic activity (a) and the second was assayed for suppressor activity 


on the generation of CTL (b). 


(a) B—(_sinormal spleen; Q—-D cortisone-treated spleen. 


(b) Second step cultures were prepared with Sie CBA lymph node responder 
cells and Ter10° irradiated Balb/c spleen stimulator cells in poly- 
acrylamide rafts. These were cultured with first step cells either 
from normal spleen, closed symbols, or cortisone-treated spleen, open 
symbols; (CC). @ ITS , @ 1x10°; A , A Satie oS! A S 
trio). Second step cultures were also prepared without first step 
cells, ©O----O . spontaneous release = 518 t 67 cpm, detergent 
release = 5109 t 226 cpm. 
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One could argue that cortisone treatment increases the ability of 
spleen cells to generate helper cells which then overcome’ the activity 
of the suppressor cells generated in the same cultures. This interpre- 
tation is supported by the fact that cells from cortisone-treated spleen 
when cultured generate helper cells which are most effective at the 
lowest cell number added (i107 per culture, Figure 6). Such an inter- 
pretation allows us to predict that cells from first step cultures which 
were prepared from cortisone-treated mice, upon mixing with cells from 
first step cultures of normal spleen, should reverse the ability of the 
latter to suppress the generation of CTL. This possibility was tested 
in the following way. First step cultures were prepared with CBA cells 
from either cortisone-treated or normal spleen and irradiated Balb/c 
spleen cells. Cells from each kind of first step culture were tested 
for (a) the presence of CTL and (b) suppressor cell activity. Different 
numbers of cells from those cultures of spleen cells derived from corti- 
sone-treated mice were added to a second step MLC, either alone or mixed 
with a varying number of cells from first step cultures of normal spleen, 
The results from a representative experiment are shown in Figure 7. 
eee step cells from cultures of cortisone-treated spleen, which had cyto- 
toxic activity, failed to suppress the generation of CTL in the second 
culture (groups 1.b, c, d). In contrast, a similar number of cells from 
first step cultures of spleen from normal mice inhibited the generation 
of the cytotoxic response. Cell numbers of 10" and Bx10e from normal 
first step cultures strongly suppressed the cytotoxic response (groups 
2.a, 3.a), whereas cell numbers of ee and ae were weakly suppressive 
(groups 4.a, 5.a). A lower cell number of aly: had no effect on the 


generation of CTL (data not shown). The addition of first step cells from 
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cortisone-treated mice, in the numbers indicated, failed to reverse the 
inhibitory effect, however weak, of normal first step cultures on the 


gerieration of CTL (Figure 7, groups 2-5.b, c, d). 
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PERCENT SPECIFIC LYSIS 


Figure 7. The effect of first step cultures from cortisone-treated mice 
on suppressive activity of first step cultures from normal spleen. Three 
day CBA anti-Balb/c first step cells from cortisone-treated mice were 
added to second step cultures, either alone or mixed with various numbers 
of CBA anti-Balb/c first step cells from normal spleen. Second step cul- 
tures were prepared with Blige CBA spleen responder cells and 110° 
irradiated Balb/c stimulator cells in microtiter trays. The values repre- 
sent the mean + standard deviation of six replicate cultures. spontaneous 
release = 537 + 60 cpm, detergent release = 4427 £179 cpm. 
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Figure 7 cont'd. 


II. normal spleen x LOR Irradiated controls, cultures with irradiated 
first step cells and irradiated stimulator cells only, were always 
negative. 


Cytotoxicity of three day first step cultures: 


% specific lysis 


normal cortisone-treated 
Toe ht, 

1x10 46.7 14.5 
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spontaneous release = 733 t 39 cpm, detergent release - 7207 asah ke cpm. 

7) Mechanism of action of suppressor cells 

In the analysis of the specificity of recognition and the nature of 
iceraetion of suppressor cells, two broad possibilities can be disting- 
uished. Either (1) physical linkage of determinants recognized by the 
suppressor cell and the killer precursor cell is required for suppression 
or (2) physical linkage of determinants is not required. The first pos- 
sibility predicts that suppression of the generation of cytotoxic cells 
will be effective only if the determinants recognized by suppressor cells 
are linked on one physical entity to the determinants recognized by re- 
sponder cell precursor. The second predicts that suppression will occur 
if the determinants recognized by the suppressor cells are on a different 
cell from those recognized by the killer precursors (third party effect). 
In order to test which of these possibilities is correct, the following 
experiment was performed. CBA anti-Balb/c suppressor cells from a first 
step culture were added to second step cultures prepared with CBA spleen 
responder ae and either Balb/c ESD. C3H:SwSn, or (Balb/c x C3H+SwSn) 
Fl hybrid spleen stimulator cells. These cultures were assayed for cyto- 
toxic activity against Sate bearing either 24 or ey antigens. 
If the first possibility is correct, anti-Balb/c suppressor cells will 


inhibit the aeptenep)” response only in the presence of Fl cells bearing 
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both the Heo? amd tgs antigens. If the second is correct, then the anti-H-2” 
response will be suppressed in both cultures containing a mixture of 
C3H*SwSn and Pane and cultures containing the Fl stimulator cells. 

These experiments show (Figure 8) that in the presence of irradiated CBA 
anti-Balb/c suppressor cells the ee wee response was completely sup- 
pressed (Figure 8.a, group 2), whereas the Batten.) response was not 
affected (Figure 8.b, group 2). Furthermore, the cytotoxic response to 

both eos and H-2° alloantigens was suppressed in the cultures to which 
(Balb/c x C3H-SwSn) Fl hybrid stimulator cells were added (group 4, 

Figures 6a and 6b). On the other hand, only the Bneien 28 cytotoxic re- 
sponse was efficiently inhibited in those cultures to which a mixture of 
irradiated Balb/c and C3H*SwSn spleen stimulator cells was added, whereas 

the a eiep response was unchanged (group 6, Figures 8a and 8b). These 
results are in accord with the hypothesis that suppressor cells are highly 
specific and are effective in suppressing a response only if the target 
antigen, against which the induction of the cytotoxic response is suppressed, 
is physically linked to the target antigen for which the suppressor cells 


are specific. 
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: b 
AnteH-2° Response Anti-H-2 Response 
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Figure 8. Suppressor cells and responder precursor cells recognize 
physically linked determinants on the stimulator cells. CBA anti-Balb/c 
first step cells were added to second step cultures prepared with cir 
CBA responder cells and 5x10" irradiated spleen stimulator cells of 
different H-2 haplotypes as indicated. After five days in culture, cyto- 
toxicity was assayed on P815 (H-24) target cells, Figure 8a, and EL4 
(H-2°) target cells, Figure 8b. This experiment was repeated twice in 
microtiter trays and twice in polyacrylamide rafts and similar results 
were consistently obtained. ive no first step cells added, fig first 
step cells added. P815: spontaneous release = 1193 + 87 cpm, detergent 
1679 £ 79 cpm, 


release = 6653 + 271 cpm. EL4: spontaneous release 


detergent release = 7851 + 162 cpm. 
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Chapter IV. Discussion 


The observations presented here show that get eee CBA anti-Balb/c 
cells from three days first step cultures, upon transfer to a second MLC, 
have an immunologically specific suppressive effect on the induction of 
the anti-Balb/c cytotoxic response. Treatment of these cells with anti-6 
and complement abrogates their suppressive effect, confirming the T cell 
dependence of the inhibitory cells. In addition, anti-Balb/c first step 
cells can inhibit the induction of CTL by cells bearing a different H-2 
haplotype from that of the suppressor cells. 

The nature of the suppressive effect of first step cultures on the 
generation of CTL demands a critical discussion. We have shown that the 
suppression of the cytotoxic response mnech we observe at five days of 
culture is not due to a shift in the time required for the generation of 
peak cytotoxicity in second step cultures. Fitch et al. (52) have sug- 
gested that the suppression of the cytotoxic response could be due to 
elimination of stimulator cells in the second culture as a result of 
anti-stimulator cell cytotoxicity generated in first step cultures. 

The observation that first step cultures have high levels of anti-stimu- 
lator cell cytotoxicity (Figure 5) is consistent with this hypothesis. 
ee studies by Hirano and Nordin (54) on the cortisone sensitivity 
of suppressor cells led to our observation which indicates that first 
step cells from cortisone-treated mice and first step cells from normal 
spleen, at cell numbers exhibiting comparable levels of cytotoxicity, 
differ markedly in their ability to suppress the induction of CTL (Figure 
6). This observation is, at face value, inconsistent with the hypothesis 


that suppressor cells are cytotoxic T cells. However, maintaining the 
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assumption that suppressor cells are cytotoxic cells, a different inter- 
pretation of this observation is feasible. One could argue that suppressor 
cells are in fact present in first step cultures from cortisone-treated 
mice but the expression of the suppressive activity could have been over- 
come by other effects induced in the same cultures. For example, cortisone 
treatment in vivo could have altered the balance of lymphoid cell popula- 
tions within the animal by creating an environment with a high level of 
helper cell precursors. As a result, the helper effects of cells from 
ie step cultures of cortisone-treated spleen may be dominant over the 
suppressive effects. If such a dominance were possible in this system, 
then we would predict that first step cells from cortisone-treated 

animals should reverse the inhibitory activity of first step cells from 
cultures of normal spleen. This prediction should apply particularly 

to situations where the suppressive effect of first step cells of normal 
spleen is very weak. However, the results shown in Figure 5 indicate that 
this is not the case. In fact, even in the face of weak suppression, 

first step cells from cortisone-treated spleen did not influence, in any 
way, the suppressive effect of first step cultures from normal spleen. 

Thus we can conclude firstly that first step cultures from cortisone- 
treated mice contain no elements capable of interfering with suppressor 
cell activity. Therefore, the lack of suppressive activity in these cul- 
tures is due to the absence of suppressor cell precursors in cortisone- 
treated spleen. Secondly, first step cells from cortisone-treated spleen 
have a high level of cytotoxicity but no suppressive activity on the 
generation of CTL. Taken together, these observations support the con- 
clusion that suppressor cells and cytotoxic cells are different cell types. 


Further evidence of the fact that suppressor cells and cytotoxic cells 
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are separate cells comes from studies in vivo by Wagner etal. (50). 
In their system, on the basis of cell size, suppressor cell precursors 
were clearly separable from cytotoxic precursor cells. Furthermore, pre- 
killer cells did not have a suppressive effect upon the generation of CTL. 
The experimental results show that suppressor cells act by linked 
associative recognition. That is, Bear age T cell-precursor T cell 
interactions occur by a collaborative mechanism analogous to T-B cell 
cooperation involving linked recognition of physically associated carrier 
and haptenic determinants on the stimulator cell. Evidence from a large 
number of experimental models of both humoral and cell-mediated immunity 
indicates that both positive (helper) and negative (suppressor) regu- 
latory effects require recognition of at least two determinants on the 
same antigen (46, 75, 76). One determinant is recognized by a precursor 
cell and the other is réceendzed Jae a regulatory cell or its product. 
This requirement for an antigen bridge allows regulatory signals to be 
delivered at short range, for example via cell to cell contact or by 
short-lived soluble factors, so that only precursor cells binding the 
appropriate antigens are either specifically induced or suppressed. The 
consequences of a long-range regulatory signal, on the other hand, are 
best seen by considering practical possibilities. In the case of positive 
regulation, if induction were to occur via a long-range factor, then its 
action would no longer be specific. Under these conditions, one would 
expect precursor cells which would normally be paralyzed on binding to 
self components (68) to be activated with the result that autoimmunity 
would be induced. Similarly, in the case of negative regulation, if a 
long-range inhibitory signal were to exist, beneficial immune responses 


would be nonspecifically suppressed. If suppressors act via a short-range 
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inhibitor, then suppression of antigeneically irrelevant immune responses 
would be avoided. Bretscher (68), in his theory on immune class regula- 
tion, has predicted that suppressor cells must act by the associative 
recognition of antigen and experimental evidence in support of this pre- 
diction has now been reported. Ramshaw et al. (46) and Bullock et al. 
(76) demonstrated that antigen specific immune T cells were able to 
suppress the delayed-type hypersensitivity response to another unrelated 
antigen, provided these antigens were physically linked. Similarly, our 
observations show that the suppressive effect of irradiated first step 
cells on the generation of CTL was dependent on the manner in which the 
two alloantigens were presented. CBA anti-Balb/c first step cells effec- 
tively suppressed the response only to Balb/c alloantigens in cultures 
where mixtures of irradiated Balb/c spleen cells and irradiated C3H-+SwSn 
spleen cells were used as stimulator cells. The cytotoxic response to 
both alloantigens was suppressed in cultures where irradiated (Balb/c x 
C3H-SwSn) Fl hybrid spleen cells were used as stimulator cells. This 
suggests that, to be effective, suppressor cells must specifically 
recognize determinants that are physically linked to those determinants 
recognized by responder cell precursors. These results strongly confirm 


the antigen specificity of suppressor T cells. 
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Chapter V. Summary 


The main conclusion from these experiments is that the antigen 
specific suppressor T cell previously described by others which inhibits 
the induction of cytotoxic T lymphocytes is not itself a cytotoxic T 
cell. Suppressor cells were generated by incubating lymph node or spleen 
cells from normal CBA mice with x-irradiated Balb/c spleen cells in a 
first step culture. Three days later, the cells were harvested, washed, 
x-irradiated, and added to a second mixed lymphocyte culture to measure 
Suppressive activity. 

Suppressor cells are not cytotoxic T cells, as cells from first step 
cultures of cortisone-treated mice displayed high cytotoxicity but had 
no suppressive effect on the generation of killer cells. It was further 
demonstrated that these cells failed to imeicenee in any way the suppressive 
effect, however weak, of cells from first step cultures of normal spleen. 
These observations are difficult to reconcile with the hypothesis that 
suppression is due to the killing of the stimulator or the responder cells 
in the second step culture by cytotoxic T cells. We therefore favor the 
view that the suppression observed in this system is due to a regulatory 
signal different from cytotoxicity. 

The suppressor T cells described here act by linked associative recog- 
nition of antigen. That is, suppressor T cells only inhibit the induction 
of a precursor cytotoxic T cell in the presence of an antigen to which 
both the precursor cell and the suppressor cell can bind. In this sense, 
suppressors act in a manner analogous to helper T cells in T-B cell 
cooperation; carrier specific helper T cells only enhance an anti-hapten 


B cell response in the presence of hapten-carrier conjugate. Similarly, 
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alloantigen a (carrier)-specific suppressor T cells only inhibit allo- 
antigen b (hapten)-specific cytotoxic responses in the presence of (axb) 
Fl stimulator cells (hapten-carrier conjugate), not in the presence of a 


mixture of parental stimulator cells (a + b). 
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